have failed to demonstrate the effect of Y sperm enrichment by albumin separation Ross et al., 1975; Esther Shih-Chu Ho 1 Brandriff et al., 1986 van Oost, 1992). Improved identification of Y spermatozoa had two or more sons, another seven had two or more through chromosome evaluation rather than by F-body identidaughters and the other seven had primary infertility due fication is critical to provide more accurate information. to female factors. The semen samples were divided into Previous efforts of karyotypic analysis required the use of the three aliquots: one remained unprocessed initially, the human sperm/hamster egg system which precluded larger other two aliquots went through two-and three-layer scale evaluation (Brandriff et al., 1986) . Recently double albumin separation methods respectively. All samples were fluorescence in-situ hybridization (FISH) techniques have been then stained with X-Y double staining probes. In each used to detect sex chromosomes in decondensed human sperm group, four or five samples were processed at room tempernuclei. X-and Y-chromosome probes could be applied simulature, and two or three at body temperature (37°C). The taneously with high labelling efficiency (Han et al., 1993a) .
Introduction preponderance, but the two-layer one-step protocol 2 changes the ratio to female preponderance. A recent debate relates the Sex pre-selection is sometimes justified by medical considerations. The male:female sex ratio at birth is 106:100, and could separation effect to recovery rates of spermatozoa (Ericsson, 1994) . In this study, we applied the double FISH technique to be affected by demographic factors as well as by other clinical or laboratory manipulations (Zarutskie et al., 1989) . Since the determine the efficacy of sex pre-selection by two of the albumin methods (protocols 2 and 3) at two incubation invention of Ericsson's method of Y sperm enrichment in 1973 (Ericsson et al., 1973) , laboratory sperm separation has become temperatures (room temperature and body temperature). clinically relevant. Ensuing methods for sperm separation have been proposed and also reported to effectively alter the natural Materials and methods sex ratio (Steeno et al., 1975; Kaneko et al., 1983; Check and Katsoff, 1993) . Of these, modifications of Ericsson's original Source of the semen, semen analysis, and experimental design method for the purpose of Y sperm selection have gained in Semen samples were obtained from 21 normal healthy donors: seven clinical popularity and are claimed to be very effective clinicfrom patients who asked for a Y sperm selection due to already having two or more daughters without son (ask-for-Y group); seven ally (Beernink et al., 1993) . However, some laboratory studies from patients who already had two or more sons without daughter centrifuged at 300 g, and resuspended in Tyrode's solution and then relayered in 0.5 ml over 1.0 ml 12.5% HSA over 0.5 ml 20% HSA (ask-for-X group); and another seven from infertile couples with proven female infertility (control group). Donor semen specimens for 1.5 h at room temperature (four or five cases in each group) or body temperature (two or three cases in each group). were obtained by masturbation after 2-4 days of sexual abstinence and studied after complete liquefaction, and within 1 h of collection.
At the end of the incubation period, the bottom layers of each column were pooled, after removing the top layers, diluted with Initial semen analyses were carried out according to protocols recommended by the World Health Organization manual (WHO, Tyrode's solution 1:1, and centrifuged for 10 min at 300 g. The supernatant was discarded, and the pellet was resuspended in Tyrode's 1992). The results are shown in Table I . The semen samples were then divided into three aliquots, one little aliquot was used as control solution. The sperm concentration was adjusted to range from 5 to 20ϫ10 6 motile spermatozoa/ml. The results were as shown in Table  and received the double FISH stain without sperm separation. The other two equal aliquots were treated by either the two-layer one-I. Recovery rates (RR , Table II) were calculated as the percentage of the final total motile spermatozoa recovered from the original total step albumin separation method (protocol 2) or the three-layer twostep method (protocol 3) respectively and then the final sperm motile spermatozoa, i.e. (total count)ϫ(% motility) after separation divided by (total count)ϫ(% motility) before separation, all divided suspensions were prepared for the double FISH analysis.
by two since the original sperm samples were split into halves, each Procedures of the albumin separation method proceeding to one of the two protocols. The initial total counts of samples undergoing each separation procedure were Ͻ150ϫ10 6 in The methods as described by Beernink et al. (1993) were followed. Briefly, aliquots of semen were first diluted with equal volumes (1:1) 17 of the 21 samples (Table I) . of Tyrode's solution (Sigma Chemical Co., St Louis, Missouri, USA) Double FISH procedure and then centrifuged for 10 min at 300 g. After centrifugation, the spermatozoa were resuspended in the same medium at a concentration
Pretreatment of sperm (sperm nuclei decondensation)
The control and processed spermatozoa were spread on clean slides of~30ϫ10 6 spermatozoa/ml. Multiple albumin columns were prepared for each sample.
and air-dried. The slides were fixed in methanol:acetic acid (3:1) (Sigma) for 30 min. Then the slides were washed in 2ϫ concentrated For protocol 2: 0.5 ml of washed spermatozoa were layered over 1.0 ml of 7.5% human serum albumin (HSA) (Sigma) over 0.5 ml standard saline citrate solution (SSC; 0.15 M NaCl/0.015 M sodium citrate) (Vysis Inc., Framingham, MA, USA), and dehydrated through of 17.5% HSA for 1.5 h at room temperature (four or five cases in each group) or body temperature (two or three cases in each group).
an ethanol series. Sperm nuclei were decondensed by slide incubation at 37°C in 50 mM Tris buffer (pH 7.4) (Sigma) containing 5 mM For protocol 3: 0.5 ml of washed spermatozoa were layered over 1.0 ml of 7.5% HSA for 1 h. The lower HSA layer was aspirated, dithiothreitol (DTT) (Sigma) and 1% Triton X-100 (Sigma) for 60 min. 
RR (recovery rate) ϭ percentage of motile spermatozoa recovered from the original total motile spermatozoa; n ϭ no. of sperm nuclei scored; RT ϭ room temperature; BT ϭ body temperature.
DTT-treated slides were examined by phase contrast microscope Red-fluorescein isothiocyanate (FITC) triple band pass filter. 500 for evidence of head decondensation. Slides were washed in 2ϫ spermatozoa were scored from each slide by one observer concentrated SSC, dehydrated again through an ethanol series, air-(H.-F.G). Randomly selected areas of the slides were screened and dried and were then treated with RNase A100 µg/ml (Stratagene, photographed. The sperm cells were identified by their unique tails St Diego, CA, USA) in 2ϫ SSC for 1 h at 37°C, and washed four and/or oval nuclei morphology. The scoring criteria were as follows: times in 2ϫ SSC before hybridization (Vidal et al., 1993;  Chevret only sperm cells with a distinct single orange or green signal domain et al., 1994) .
were classified as haploid X-or Y-bearing spermatozoa, respectively; whereas cells that contained more than one signal domain were Probe/slide preparation and assay procedure documented separately as anhaploid cells. In case the situation of The probes used were Spectrum CEP chromosome enumeration split signal domains were encountered, efforts were made to look system: SOX/SGY (Vysis), which consist of chromosome specific carefully for any bridge strands between the signals. Only obvious sequences from highly repeated human satellite DNA directly labelled split signal domains with comparable brightness, a minimal distance with Spectrum Orange ® fluorophores for the X chromosome and of one signal domain and without connecting strands would enable Spectrum Green ® fluorophores for the Y chromosome.
the classification of the cells as anhaploid (Martin et al., 1995) . In brief, slides were denatured in 70% formamide/2ϫSSC (Vysis) Certain sperm nuclei were eliminated from scoring, such as those for 5 min at 75°C, rinsed through cold 70, 80 and 100% ethanol with confusing overlapping nuclei, non-intact nuclei, and very large solutions serially and then briefly kept on a 45°C slide warmer. For nuclei. Labelling efficiency was calculated as the ratio of sperm cells each slide µl of CEP (chromosome enumeration DNA probes) probe with fluorescent orange and/or green spot signals to the total number was mixed thoroughly with 7 µl CEP hybridization buffer (Vysis) of sperm cells counted in each slide. and 2 µl distilled water. The mixture was denatured at 75°C for 5 min, and then applied within 2 min (of the slide preparation) to Statistical analysis each slide under a coverslip and sealed with rubber cement (Avery All statistical analyses were performed using SPSS-PCϩ program Dennison, Framingham, MA, USA).
(SPSS Inc. Chicago, IL, US). Non-parametric analysis with Hybridization was allowed to proceed for 14-16 h in a pre-warmed Wilcoxon's matched-pairs signed-ranks test for checking the significhumidified box in a 42°C incubator. After removal of rubber cement ance of changes in % X spermatozoa, % Y spermatozoa and ratios and coverslips, the slides were washed at 45°C for 30 min in 50% of the Y and X spermatozoa before and after separation. Kruskalformamide/2ϫSSC, 10 min in 2ϫSSC and 5 min in 2ϫSSC/0.1% Wallis one-way analysi of variance (ANOVA) for checking the NP-40 (Vysis). Slides were counterstained with 10 µl DAPI II (Sigma).
differences between subgroups (of semen sources and recovery rates). Slides were examined at ϫ1000 with a microscope (Labphot, Nikon, Japan) equipped with epifluorescence and a DAPI-Texas P Ͻ 0.05 was considered significant. Results in protocol 3. This contributed to a significant change in the Y:X ratio (P ϭ 0.04) in this subgroup. Kruskal-Wallis oneThe labelling efficiencies and counted ratios of the Y and X way ANOVA test revealed no differences in Y:X ratios between spermatozoa for each individual case is listed in Table II . In the three sources in the original semen as well as in the posttotal 31 500 spermatozoa nuclei were carefully evaluated. The separation samples. overall labelling efficiencies were Ͼ99% (99.11% in the Analysis with regard to the effect of 'motile spermatozoa original samples, 99.18% in protocol-2 samples and 99.17% recovery' upon the separation efficiencies at room temperature in protocol-3 samples). The Y:X sperm ratio in the original group (13 cases) was shown in Table V . There were no samples was even (49.14:49.97), no matter whether the samples significant changes in Y:X ratios before and after separation were from control, ask-for-Y or ask-for-X group (48.69:50.37, except that a marked reduction in the Y spermatozoa was 50.22:48.93 and 48.51:50.60 respectively).
noted in the moderate recovery rate (5-10%) subgroup (P ϭ As shown in Table III , the separation effects were only 0.03) in protocol 3. This contributed to a significant change evident at room temperature (13 cases, 19 500 sperm nuclei in the Y:X ratio (P ϭ 0.03) in this subgroup. A trend toward were evaluated). There was a significant change in the Y:X X enrichment was also detected when the recovery rate was ratios in protocol 2 (P ϭ 0.03) and there was an even more Ͻ5% in protocol 3 (P ϭ 0.07). Kruskal-Wallis one-way significant change in protocol 3 (P ϭ 0.002). Both protocols ANOVA test revealed no differences in Y:X ratios between showed changes toward Y sperm deprivation and X sperm the three or four different recovery rate subgroups in the enrichment. The Y spermatozoa decreased and X spermatozoa original semen as well as in the post-separation samples. increased significantly, but both only to a small degree (1.4-The frequencies of aneuploid spermatozoa encountered are 3.5%). The effects were not seen in the body temperature listed in Table VI . The anhaploid sperm count was 0.21% in group.
the original samples, 0.071% in the protocol-2 samples and The mean recovery rate of motile spermatozoa was 7.0% 0.089% in the protocol-3 samples. (range 1.1-16.4%) in protocol 3 and 9.3% (range 3.7-18.5%) in protocol 2. Incubation at body temperature increased the recovery rates to 8.7% (range 6.0-9.7%) in protocol 3 and Discussion 17.5% (range 9.0-30%) in protocol 2.
If we carefully scrutinize the Y:X ratios of the room Since Ericsson's first report in 1973 demonstrated that human Y spermatozoa can be enriched with the use of albumin temperature cases in Table II , we could find that the ratios were evenly distributed before separation (seven of 13 cases columns (Ericsson, 1973) , numerous laboratory and clinical studies have been published regarding the separation efficiency above unity and six of 13 cases below unity), but only two (nos. 2 and 4 of the control group) of all 13 cases had ratios of these methods Ross et al., 1975; Dmowski et al., 1979; Quinlivan et al., 1982; Brandriff et al. , above unity after protocol 2 separation, and all cases had values less than unity after protocol 3 separation.
1986; Beernink et al., 1993; Vidal et al., 1993; Pyrzak et al., 1994; Wang et al., 1994a) . However, the reported results are Table IV shows further analysis of the effect of 'semen source' upon the separation efficiencies at room temperature.
rather confusing and often contradictory. Although the best validation of the separation efficiency is There were no significant changes in Y:X ratios before and after separation except that a marked reduction in the Y the sex ratio of the offspring, there has been a lack of controlled studies on the sex ratio of newborns following the use of spermatozoa was noted in the ask-for-Y subgroup (P ϭ 0.04) albumin separation (Martin, 1994) . Furthermore clinical fac1993a; Flaherty et al., 1996) . There have been lots of reports, based on these techniques, which question the effectiveness tors, that probably would affect the sex ratio, such as agents for ovulation induction and timing of insemination, would of laboratory manipulation of sperm separation (Han et al., 1993b; Vidal et al., 1993; Wang et al., 1994a; Wang et al. , confound the final sex ratio (James, 1985) . Reliable methods to validate efficiency of the laboratory procedures themselves 1994b; Claassens et al., 1995) . In a defensive essay published as a debate, Ericsson (1994) are thus desirable. Fluorescent in-situ hybridization, specifically double-labelled FISH, which detects X-and Y spermatozoa stressed the importance of all his methodological details including processing at room temperature, preparation medium simultaneously, appears to be the method of choice for evaluating sex pre-selection procedures at present (Han et al., with Tyrode's solution, the isolation tube dimension and in protocol 2. These figures were rather similar to those obtained by Wang et al. (1994a) . Their median (range) recoveries were separation a 8.5% (2.2-23%) in protocol 3 and 10.0% (2.5-13.0%) in Before separation After separation protocol 2. Our recoveries were slightly higher than those (%) obtained by Pyrzak (1994) (n ϭ 2-6 in each category, although the number of sperm nuclei analysed were 3000 to 9000 in each subgroup), we only the number of spermatozoa layered per column. All these obtained a trend toward X enrichment (P ϭ 0.07) in low parameters are aimed at reaching two endpoints: a small final recovery rate (Ͻ5%) group and a significant X enrichment sperm yield (3-5%) and a highly motile final fraction (80-(P ϭ 0.03) in the moderate recovery rate (5-10%) group in 90%). Some of the reported results inconsistent with his data protocol 3. There was no specific recovery rate which would were criticized as failure to duplicate his original methods. In significantly facilitate X or Y enrichment in protocol 2. our study we intended to follow the procedure faithfully as Although we obtained statistically significant X enrichment, described by Ericsson (1994) except that we tried to find the the absolute values of the separation differences were very effect of temperature and performed the processing at two small (in the range of 1.4-3.5%). Similarly, in the report that temperatures instead of just room temperature.
confirmed Y enrichment (Claassen et al., 1995) , only a 3% The labelling efficiencies of the X/Y probe we used were increase in Y spermatozoa could be detected. The value of highly satisfactory (Ͼ99%). This would assure the reliability spermatozoa separation by the albumin method, no matter of our data. Although we expected that the results would whether protocol 2, 3, or modified 3, in the clinical application accord with those reported by Ericsson et al. (1973) , just to of sex pre-selection must be questioned critically. the contrary, our staining results revealed a Y-deprivation and Furthermore, our data revealed that the mean recovery rate an X-enrichment tendency in all of the samples in protocol 3 was in the range of 7.0-9.3%. Whether the low rate of motile and all but two (Y:X ϭ 1.02 and 1.11 respectively) of the sperm recovery would compromise the clinical pregnancy rate samples in protocol 2. This X-enrichment phenomenon reached is another important point to consider. In the only controlled statistical significance only when the separation procedure was study for gender selection, Jaffe reported no improvement in performed at room temperature, no matter whether it was the male birth after albumin separation, and he also noticed the two-layer (protocol 2) or three-layer (protocol 3) method. Here low pregnancy rate in each cycle (8, 13 and 9% for the first we confirmed previous observations that a separation effect three cycles) (Jaffe et al., 1991) . could not be obtained at body temperature (Vidal et al., 1993) .
The frequency of anhaploid spermatozoa observed in this The data from the body temperature group were then excluded Oriental series (0.21%) was close to that of the Caucasian from further analysis. series reported by Martin et al. (1995) , who documented a The X-enrichment result was consistent with that reported diploid frequency of 0.16%. Our data also showed decreased by Wang et al. (1994a) , but contrary to that reported by frequencies of anhaploid spermatozoa after albumin separation Claassens et al. (1995) . The former authors analysed 12 000 methods, although they still had not reached statistical significsperm nuclei (12 patients) in each protocol with highly efficient ance. The results of our study also confirmed that the Xdouble probes and found that all samples in protocol 3 and all and Y-bearing spermatozoa were equally frequent, no matter but one (Y:X ϭ 1.02) sample in protocol 2 were X-enriched.
whether the semen samples were from males who had already The latter authors applied single probes with lower (Ͼ95%) fathered two sons or two daughters. These two points were labelling efficiencies on a smaller number (n ϭ 2092, 20 also consistent with the previous report by Wang et al. (1994a) . patients) of sperm nuclei, but they adopted the modified Two recent reviews also summarize the inefficiency of protocol 3 which requires a shorter incubation time than ours.
various gradient techniques for clinical use in pre-conception Unfortunately, they did not provide data on their recovery sex selection, and conclude that only flow cytometry has been rates, nor analysis on the relationship between recovery rates shown by FISH to produce a clinically significant enrichment and sex ratios of the spermatozoa. of X and/or Y spermatozoa (Reubinoff, 1996; Flaherty et al. , Recovery of total motile spermatozoa was intentionally kept 1996). The sorting is based on a 2.8% difference in DNA as small as possible but frequently it was rather difficult to content of X and Y spermatozoa . confine. It varied considerably from sample to sample. We had Furthermore, the fluorochrome used in the staining of the two cases with very high initial total counts (Ͼ150ϫ10 6 ).
spermatozoa during flow cytometry sorting -Hoechst 33342 Although we did not apply the modified protocol 3 for them, (bisbenzimide) -has been demonstrated not to affect sperm their recovery rates were rather low and satisfactory. We were motility parameters, nor mutation induction at low concentraalso able to obtain sperm yields with very high motility tion (Watkins et al., 1996) . The flow cytometry separation is (Ͼ90%) but the mean recovery rates of motile spermatozoa were 7.0% (1.1-16.4%) in protocol 3 and 9.3% (3.7-18.5%) the most promising sex pre-selection technology that probably
